In this study, we looked at the possible effects of low-level laser therapy (LLLT) on blood flow velocity, and serotonin (5-HT) and cholinesterase levels in patients with chronic headache associated with temporomandibular disorders (TMD). LLLT has been clinically applied over the past years with positive results in analgesia and without the report of any side effects. The understanding of biological mechanisms of action may improve clinical results and facilitate its indication. Ten patients presenting headache associated with TMD completed the study. An 830-nm infrared diode laser with power of 100 mW, exposure time of 34 s, and energy of 3.4 J was applied on the tender points of masseter and temporal muscle. Blood flow velocity was determined via ultrasound Doppler velocimetry before and after laser irradiation. The whole blood 5-HT and cholinesterase levels were evaluated three days before, immediately, and three days after laser irradiation. Pain score after treatment decreased to a score of 5.8 corresponding to 64% of pain reduction (P < 0.05). LLLT promoted a decrease in the blood flow velocity (P < 0.05). In addition, the 5-HT levels were significantly increased three days after LLLT (P < 0.05). The cholinesterase levels remained unchanged at the analyzed time points (P > 0.05). Our findings indicated that LLLT regulates blood flow in the temporal artery after irradiation and might control 5-HT levels in patients suffering with tension-type headache associated to TMD contributing to pain relief.
Introduction
Low-level laser therapy (LLLT) is currently being used as a therapeutic procedure in a variety of medical situations such as control of edema and inflammation, chronic joint disorders, pain, wound healing, among others. [1] [2] [3] [4] [5] One of the clinical conditions that could benefit from the effects of LLLT would be chronic headache, which is a condition that, depending on the statistics, may affect up to 2.5% of the world population. 6 This disorder is also an obvious burden for patient's quality of life, besides putting them in risk of pain killers' addiction. 6, 7 Chronic headaches are often associated with temporomandibular disorders (TMD), 8 and according to recent studies, the prevalence of TMD is increasing despite of improvement in general oral health. 9, 10 Therefore, the benefits of having a non-pharmacological therapy for such conditions is evident, and several studies have pointed out the positive effects of LLLT on TMD. [11] [12] [13] Many attempts have been made to understand the mechanisms of LLLT at the molecular and cellular level, [14] [15] [16] and this therapy has been tested with success in clinical trials. 4 At the cellular level, LLLT presents a wide range of different effects, and its fundamental mechanism of action is difficult to establish. 15 Furthermore, in different clinical situations (e.g. pain relief or wound healing), the effect on the target area may also be different. 15 Within cells, there is substantial evidence that LLLT would act primarily on the mitochondria, increasing its metabolism, modulating reactive oxygen species formation and inducing transcription factors by changing the cell redox state. 15, 16 On the other hand, studies investigating LLLT mechanism in patients are not often encountered. Recently, Mitchell and Mack 17 demonstrated an immediate increase in venous nitric oxide levels after near-infrared laser irradiation in healthy subjects, underlining one of the possible pathways that would explain LLLT clinical effects. Among the biological effects of LLLT reported in the literature, an increase in local microcirculation, 18 release of endogenous opioids, 19 and alteration in cholinesterase levels 20 have been found, including tension-type headache. 21, 22 These mechanisms may be involved in pain relief and can be linked with the clinical results, but most of the studies are performed in an animal model, 19 in a cell culture model, 20 or in healthy subjects. 17, 18 In this study, our purpose was to investigate possible analgesic mechanisms in patients referred to treatment for chronic pain due to tension-type headache. We hypothesized that LLLT would affect blood flow, serotonin (5-HT) and/or cholinesterase levels in patients, seeking mitigation of chronic headache associated to TMD with masticatory muscles involvement.
Material and methods

Patients
Ten Caucasian females patients suffering from recurrent headache associated with TMD volunteered to join in this trial. The study was conducted in a private dental clinic, and inclusion criteria were age between 20 and 50 years, headache complaint for at least six months before the inclusion, and completion of a diagnostic headache diary for at least one month before inclusion in accordance with International Classification of Headache Disorders-2nd edition (ICHD-II). 23 Patients were excluded if they reported orofacial trauma history, drug or alcohol abuse, arterial hypertension, use of drugs with cerebrovascular action, and history of current treatment for headache.
The present study was approved by the IPEN Institutional review board no. 0.514. All participants received both verbal and written information about the procedures and objectives of the research and provided written informed consent.
Experimental protocol
The patients had a clinical dental examination to ensure they fulfilled the inclusion criteria and none of the exclusion criteria. Patient examination followed the guiding principle express by the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD). 24 The clinical assessment of the temporomandibular joint (TMJ) and the masticatory muscles included evaluation of mandibular range of motion, pain during movements, presence of joint sounds or tinnitus, pain on palpation of related muscles and/or joints, and intraoral examination. Patients were submitted to one treatment session and were evaluated before and after irradiation. The pain intensity was measured using the Visual Analog Scale (VAS), which is set for ''no pain'' (score 0) and ''worst possible pain'' (score 10). After the end of the study, the patients were reevaluated and treated with occlusal splint whenever it was indicated.
Laser irradiation
To ensure muscle penetration of light, irradiation was performed with a near-infrared diode laser (Thera Lase, DMC, São Carlos) in continuous wave mode and wavelength of 830 nm (P ¼ 100 mW). Laser irradiation was applied onto the tender points of the masseter and temporal muscle chosen ad hoc according to palpation, with the probe gently positioned on the skin (È ¼ 0.2 cm). Patients were irradiated during 34 s, and energy of 3.4 J was delivered corresponding to an energy density of about 110 J/cm 2 . The energy and energy density given to each muscle point is within the range described for painful musculoskeletal conditions. 25, 26 Ultrasound Doppler velocimetry Ultrasound Doppler velocimetry (DV) measurements were performed by an experienced physician who was not aware about the research protocol, using an Acuson Antares ultrasound (Siemens, Germany) with a linear multifrequency transducer (VF13-5) from 4.4-13 MHz and presets for flow endowed with pulsed Doppler. Before DV evaluation, patients were installed in lying supine position at room temperature. The transducer was placed in the anterior portion of auricular tragus given the best signal/noise ratio for the superficial temporal artery blood flow. Following artery localization, the probe was kept in position during 1 min before laser irradiation to obtain the baseline flow values for each patient. This procedure was repeated for three times, and the peak systolic velocity was recorded in both right and left sides.
Laser irradiation was performed over the trigger points with the abovementioned parameters. After irradiation, the DV was performed during 2 min looking for arterial flow alterations that could happen after irradiation (Figure 1 ).
Serum levels of 5-HT and cholinesterase
5-HT and cholinesterase levels were evaluated three days before, immediately after, and three days post laser irradiation. All patients were instructed to follow a nutritional program to avoid high-5-HT foods as, for instance, avocado, banana, eggplant, nuts, pickles, and tomato, prior to blood sampling. Venous blood was collected and kept in tubes containing disodium ethylenediamine tetraacetic acid (EDTA) and ascorbic acid. The blood tests were conducted in an accredited clinical analyses laboratory (Sabin Laboratory, Brasília, DF, Brazil) with international certifications (ISO 9001 and ISO 14001). All samples were handled within 2 h maximum after puncture. The samples were analyzed according to the laboratory guidelines for measurements of these substances on blood, for 5-HT highperformance liquid chromatography and kinetic method for cholinesterase evaluation.
Statistical analysis
Data are represented as means, and bars represent the standard deviations (SD). Data normality and variance homogeneity were verified with the Shapiro-Wilk W and Brown-Forsythe tests, respectively. Paired t-test was used to verify the effect of treatment on pain control and peak systolic velocity. 5-HT and cholinesterase levels were compared through one-way repeated measures analysis of variance (ANOVA), and to identify the significant differences, the Fisher's least significant difference (LSD) test was employed. The significance level was set to P < 0.05.
Results
Ten Caucasian females with a mean age of 33.9 AE 9 years and tension-type headache from myogenic bilateral TMD completed the study. Headache episodes on these patients were in average 20 (AE2) a month for at least six months. Clinical examination of the TMJ revealed that among all the 10 patients, some of them suffered from bruxism (n ¼ 3 patients), irregular jaw opening (n ¼ 6), crepitus (n ¼ 4), pain in the TMJ (n ¼ 2), dental malocclusion (n ¼ 1), pain in the masticatory muscles (n ¼ 2), earache (n ¼ 1), tinnitus (n ¼ 2), and teeth clenching (n ¼ 4).
All the patients reported pain relief after experiment. In fact, the pain intensity before treatment was 9.1 AE 0.9 (mean AE SD), and after experiment, the mean value of the pain intensity was 3.3 AE 1.2. The result of the paired t-test pointed out to a significant analgesia with a 5.8 score, which is equivalent to a 64% of pain reduction (P < 0.001). Figure 2 shows the initial peak systolic velocity values from right (57.58 AE 14.56) and left temporal arteries (50.54 AE 12.63). Two minutes after laser irradiation, the .................................................................................................................. We also observed a progressive increase of about 34% (50.5 ng/mL) in the 5-HT levels after laser irradiation in comparison to the initial level (Figure 3) . The mean value measured three days before, immediately after, and three days after laser irradiation were (149.60 AE 54.9) ng/mL, (166.50 AE 49.5) ng/mL, and (200.10 AE 60.6) ng/mL, respectively. However, significant difference was only observed three days after laser irradiation (P ¼ 0.043) compared to baseline, which was verified by Fisher's LSD test following one-way ANOVA with repeated measures. Figure 4 exhibits cholinesterase levels measured at different evaluation times. The mean values (7738.5 AE 1445.3 Us/ L, 7925.5 AE 1442.2 Us/L, and 8160.0 AE 1085.8 Us/L) at three days before, immediately after, and three days after laser irradiation, respectively, showed a slight increase (about 5%) in cholinesterase levels during the study.
No statistically significant differences were detected among the time points (P ¼ 0.62 initial x treatment, P ¼ 0.24 initial x final, and P ¼ 0.54 treatment x final) using the same test above stated.
Discussion
LLLT biological mechanisms are an open field for investigation, given that clinical and preclinical trials have reported positive results with the use of this therapy. [1] [2] [3] Although this therapy has been studied since late 1960s, so far there is not a consensus about its exact mechanisms of action. 15 Our results demonstrated a significant diminution of the pain score after irradiation. In addition, there was a decrease in the blood flow velocity probably due to an increase on the temporal artery diameter, 27 which led to the lower pressure inside the vessel. Also, the levels of 5-HT sustainably increased three days after irradiation. We also verified the levels of cholinesterase at the three proposed moments of evaluation: three days before treatment, immediately after, and three days after treatment, and we did not find significant differences among the values.
Arterial blood flow was investigated since a possible circulatory effect of the irradiation could lead to a relaxation on the irradiated muscles. The subjects in this study suffered from tension-type headache, and during tensional periods, the blood flow tends to increase. 28 Local muscle ischemia, disturbances in the local metabolism, mitochondrial dysfunction, and microcirculation alterations on the tender points in individuals presenting tensional headache and other forms of myofascial pain have been suggested as possible mechanisms for trigger points formation and pain. 29 Our results demonstrated an immediate effect on blood flow over the irradiated site. Since alterations on blood flow, due to altered sympathetic depletion to blood vessels in striated muscles, is identified as one symptom observed in patients with tensional headache, 29, 30 we may suggest that LLLT might regulate blood flow at the tender sites resulting in diminished pain at the area.
The regulatory effect of LLLT on blood flow in the tender areas may be one of the mechanisms that results in pain relief reported in literature by patients after irradiation.
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The non-pharmacological approach to treat patients with any type of chronic pain per se is worth to try since the risk for drug addiction in this group of people is high. 6, 7 Therefore, it is very relevant to investigate and understand the exact scope of LLLT in these cases, although our study has dealt only with pain related to muscle tension.
The results of our investigation also point out to an increase in serum 5-HT levels three days after irradiation. In 1983, Walker 31 published her results evaluating the catabolite of 5-HT in the urine of patients with chronic pain after laser irradiation, and her findings presented an augmentation on the catabolite levels during the course of LLLT that were linked with the pain relief reported by the patients.
Among the neurotransmitters in the brain, 5-HT has been involved to tension-type headache. In fact, patients Figure 3 Serotonin levels measured during the study (n ¼ 10). Data are means, and bars are SD values. Initial, treatment, and final represent the measures at three days before, immediately after, and three days after laser irradiation, respectively Figure 4 Cholinesterase levels measured during the study (n ¼ 10). Data are means, and bars are SD values. Initial, treatment, and final represent the measures at three days before, immediately after, and three days after laser irradiation, respectively with tension-type headache show low 5-HT serum levels that can conduce to high indexes of reactive and personal anxiety and high depression level. 32 In spite of the fact that no anxiety and depression have been measured in this study, our results demonstrate an increase in 5-HT levels three days after irradiation. This finding added to the results reported by Walker 31 during the course of several LLLT sessions may suggest a possible balance on 5-HT metabolism that could be responsible for the results of the therapy in chronic pain.
We also investigate the levels of cholinesterase looking for alterations promoted by LLLT that could be responsible for muscle relaxation, since we were dealing with patients who presented tension-type headache. Our results did not point out to any interference on cholinesterase values in the analyzed periods that could be linked with the therapy. Conversely, Kujawa et al. 20 reported changes on erythrocyte membrane acetylcholinesterase activity after irradiation suggesting a biphasic dose-dependent change. In addition, Onac et al. 33 showed an increase in serum cholinesterase in an animal model that reached a peak ten days after irradiation. In both studies, the authors presented a dosedependent response for cholinesterase alterations.
Interestingly, Chung et al. 15 reported that the effects of LLLT obey the Arndt-Schulz law postulating that small doses and higher doses can present a particular effect, but the doses in between cannot produce the same results forming a biphasic dose response. Therefore, we may assume that, for the cholinesterase values, we might have been caught in the biphasic response for this parameter, while for serum 5-HT levels and for blood circulation, the dose was appropriate.
A limitation of this study is the lack of a control group. It is well known that pain relief can occur due to a placebo effect. 34 As this study is a preliminary report, the sample size was not big enough to add a placebo group, and in the literature, it is possible to find placebo-controlled, randomized studies with positive effect of LLLT on pain related to TMD and chronic pain. 13, 35, 36 Although the placebo effect may have some immediate effect on pain relief, our results showed blood flow decrease in real time and a sustainable effect was observed three days after irradiation on 5-HT levels.
According to our results, we suggest that, as the LLLT has multiple and simultaneous mechanisms of action, the dose that is appropriate for one mechanism may not be appropriate for another. This could explain some negative results of the therapy since the research usually focus on one or other mechanism and not the full range that can be occurring. Further studies are warranted to confirm our results in a large series of patients exploiting the exact mechanism of action of LLLT on patients with chronic pain.
Within the scope of our study, we conclude that LLLT has an immediate biological effect on local circulation when applied over the injured area and that 5-HT levels are augmented until three days following LLLT in patients with tension-type headache. These findings can provide basis for clinical trials aiming to understand the exact mechanisms of phototherapy working as a non-pharmacological analgesic agent.
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